Hinge technique is a new method for cerebral decompression that allows the bone flap to move outward in response to brain swelling and essentially allows reconstruction of the cranial vault as a minor procedure under local anesthesia. This retrospective study assessed outcomes following the use of this new decompressive technique. During an approximately 7-year period (June 2004 to March 2011), 58 patients who had suffered head trauma or stroke underwent cerebral decompression using the hinge technique or conventional decompressive craniectomy. Patients were assessed with the Glasgow Coma Scale (GCS), the Glasgow Outcome Scale (GOS), and the modified Rankin scale (mRS). Twenty-one patients (16 males, 5 females; age range, 21-78 yrs; mean age, 57.4 ± 15.5 yrs) underwent cerebral decompression using the hinge technique, and 37 patients (18 males, 19 females; age range, 5-83 yrs; mean age, 54.1 ± 20.9 yrs) underwent conventional decompressive craniectomy. There was no significant difference in preoperative GCS or postoperative GOS or mRS between the two groups. Six patients in the decompressive craniectomy group and none of the patients in the hinge technique group developed bone flap infection (p ＝ 0.02). The bone flap was removed in two cases in the hinge technique group due to low cerebral perfusion pressure as well as elevated intracranial pressure (ICP). The hinge technique with ICP monitoring was effective and safe for management for head trauma or stroke and was not associated with bone flap infection.
Introduction
Conventional decompressive craniectomy is an effective method for the reduction of intracranial pressure (ICP), 5, 12) and is widely used to reduce ICP and to prevent brain shift in patients with elevated ICP due to traumatic brain injury or acute stroke. 1, 11) This strategy is supported by the recently published Guidelines for the Surgical Treatment of Traumatic Brain Injury. 3, 6) However, decompressive craniectomy also requires cranioplasty with reimplantation of the bone flap or artificial material. The hinge technique is a new method of decompressive surgery first described in 2007, 9, 13) which allows the bone flap to move outward in response to swelling of the underlying brain. Further, this technique allows reconstruction of the cranial vault under local anesthesia. This retrospective analysis assessed patient outcomes following the use of this new decompressive technique.
Materials and Methods
During an approximately 7-year period (June 2004 to March 2011), 58 patients who had suffered head trauma or stroke underwent cerebral decompression using the hinge technique or decompressive craniectomy. All 58 patients presented with rapid increases in consciousness disturbance or clinical signs of elevated ICP which was not responsive to medical management. Computed tomography (CT) showed severe midline shift or compression of the basal cistern or midbrain in all patients. All patients underwent surgical decompression to control ICP, to reverse dangerous brain shifts, and to prevent cerebral herniation.
Since January 2008, written informed consent for undergoing cerebral decompression using the hinge technique has been obtained preoperatively from the patient's relatives. The same surgeon performed all instances of the hinge technique at our institution for head trauma or stroke patients, excluding cases of malignant brain swelling. 8, 10, 14, 16) Decompressive craniectomy consisted of an en- All subsequent assessment data were obtained at follow-up examination in our outpatient department or by a telephone survey of patients. Patients were assessed by the Glasgow Coma Scale (GCS), the Glasgow Outcome Scale (GOS), and the modified Rankin scale (mRS) on admission and at discharge. Preoperative patients were classified into one of three groups according to GCS score (3 to 6; 7 to 12; and 13 to 15). Survivors were classified into one of three groups according to mRS score (0 to 2; 3 to 4; and 5 to 6). Continuous data are expressed as the mean ± standard deviation. The hinge technique group was compared to the decompressive craniectomy group, including assessment of the incidence of bone flap infection, ICP, and cerebral perfusion pressure (CPP), using the chi-square test, the Mann-Whitney U-test, and Fisher's exact test. Statistical significance was defined as p º 0.05.
Results
Characteristics of the hinge technique group and the decompressive craniectomy group are summarized in Table 1 . Head trauma consisted of cerebral contusion with acute subdural hematoma or acute epidural hematoma. Radiography demonstrated that the superior edge of the bone flaps moved outward (``hinge effect'') in 16 of the 21 cases in the hinge technique group. ICP was monitored in 17 of the 21 cases in the hinge technique group. Refastening of the bone flap was performed in 16 of the 21 cases of the hinge technique group, and 19 of the 37 cases in the decompressive craniectomy group. Bone flap infection occurred in six patients in the decompressive craniectomy group and in none of the patients in the hinge technique group, showing a significant difference between the two groups (p ＝ 0.02). The earliest of the six cases of bone flap infection in the decompressive craniectomy group occurred one week after the cranioplasty, and the latest case occurred more than 4 months after cranioplasty (mean, 4.1 weeks).
The outcomes for patients with head trauma and stroke are summarized in Tables 2 and 3 , respectively. There was no difference in preoperative GCS or postoperative GOS in head trauma cases or mRS in stroke cases between the two groups.
The mean maximum ICP, mean minimum CPP, maximum ICP, and minimum CPP in the 17 cases of 
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the hinge technique group were 26.5 ± 17.0, 69.7 ± 16.5, 62, and 23 mmHg, respectively. The bone flap was removed in two cases because of acute hydrocephalus or brain herniation which caused low CPP (º45 mmHg) or elevated ICP (À60 mmHg). Excluding these two cases, the mean maximum ICP, mean minimum CPP, maximum ICP, and minimum CPP of the remaining 15 cases in the hinge technique group were 21.9 ± 11.7, 74.5 ± 9.4, 42, and 60 mmHg, respectively. In the other two cases, the ICP was elevated immediately after cerebral decompression using the hinge technique, and CT showed epidural hematoma or enlargement of the intracerebral contusion hematoma. Additional decompressive craniectomy was necessary in these two cases.
Representative Case
A 78-year-old male patient suffered severe head trauma due to a motorcycle accident. On admission, neurological examination revealed disturbance of consciousness, anisocoria, and severe left hemiparesis. His GCS score was 5. CT on admission revealed left acute subdural hematoma compressing the left temporal lobe and midbrain with severe midline shift, and no visualization of the left basal and mesencephalic cisterns (Fig. 1A) . The patient underwent cerebral decompression using the hinge technique with additional craniectomy in the left temporal squama. After cerebral decompression, CT revealed mild brain swelling in the left frontoparietal region (Fig. 1B) . One week after cerebral decompression, radiography showed that the superior edge of the bone flap had moved outward ( Fig. 2A ) and CT could demonstrate the sulci of the left frontoparietal region through the hinge effect (Fig. 1C) . Postoperatively, the ICP was maintained within 19 to 16 mmHg, and the CPP was maintained at more than 81 mmHg without medical treatment. After the brain swelling disappeared, radiography showed the superior edge of the bone flap had closed (Fig. 2B) , and axial fluid-attenuated inversion recovery magnetic resonance imaging revealed contusion and traumatic subarachnoid hemorrhage over the left temporal lobe (Fig. 1D) . After reconstruction of the cranial vault under local anesthesia, the bone flap was fixed to the cranium at the superior and inferior edges using titanium plates. The patient was discharged with dementia from our institution about 
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Discussion
Cranial capacity is enlarged by 6% or 78 cm 3 with a 10-mm elevation of the bone flap in the hinge technique, 9) but decompressive craniectomy is much more effective because it involves removal of a bone flap and allows an increase in cranial cavity volume to accommodate the brain swelling. Therefore, the hinge technique cannot be applied to all cases of head trauma or stroke, as a prior study reported that partial lobectomy or strokectomy for internal decompression should be performed for malignant brain swelling in addition to the decompressive craniectomy. 8, 10, 14, 16) In the stroke cases of this study, we mainly applied the hinge technique to treat large intracerebral hemorrhage, instead of malignant cerebral infarction as well as subarachnoid hemorrhage with large hematoma in the sylvian fissure. In the head trauma cases, we mainly applied the hinge technique to a single cerebral contusion with/ without subdural or epidural hematoma on the same side. If multiple cerebral contusions were present, the hinge technique was applied to the contusions compressing midbrain only on one side. The original technique description 9) pointed out that ICP monitoring was performed for safety and the inner table on the bone flap was thinned in the case of thick bone flap. The other first description 13) pointed out that three titanium plates were already fixed to the bone flap to prevent bone flap sinking without reconstruction of the cranium. Our hinge technique differs little from these original methods. After large craniotomy, additional craniectomy in the temporal squama was performed in many cases to decompress the midbrain. ICP monitoring was performed as a rule for safety, the inner table on the bone flap was thinned using the cranial drill burr in the case of thick bone flap, and titanium plates were not used to prevent bone flap sinking because these plates did not allow the bone flap to fully move outward. The superior edge of the bone flap was fixed to the cranium as a rule by a titanium plate for reconstruction of the cranial vault.
The diagnoses of stroke showed a significant difference between the hinge technique and decompressive craniectomy groups (p ＝ 0.01) ( Table 1) . For example, there were more cases of intracerebral hemorrhage in the hinge technique group and more cases of subarachnoid hemorrhage with intracerebral hemorrhage in the decompressive craniectomy group. However, there was no difference in assessment by GCS or GOS or mRS between the two groups (Tables 2 and 3) . Thus, despite the T. Kano et al.
difference in underlying diagnoses of stroke, these findings suggest that the hinge technique can be as effective as decompressive craniectomy.
The mean maximum ICP in the 17 patients in the hinge technique group was 26.5 ± 17.0 mmHg. However, excluding the two bone flap removal cases, the mean maximum ICP was 21.9 ± 11.7 mmHg in the 15 of 17 cases. In the seven cases in the original study, 9) the ICP was less than 20 mmHg. Compared to the original methods, ICP control through the hinge technique was suboptimal in the present study, possibly due to the fact that none of the patients in the original report had brain contusion. Although the ICP in three of these 15 cases increased to 28 mmHg during 4 days and transiently increased to 40 mmHg in the other three cases, CPP was maintained at greater than 60 mmHg in response to the hinge technique in the present study, which is consistent with the recommended targets in management guidelines for head injury. 2, 4, 6, 7) Acute epidural hematoma or extension of the contusion hematoma occurred just after cerebral decompression using the hinge technique, as suggested by abnormally elevated ICP immediately after the procedure and subsequently documented by CT. This acute epidural hematoma was caused by restlessness of the patient just after surgical decompression, so patients should be kept resting after decompression. Extension of the contusion hematoma was sometimes experienced after decompressive craniectomy in general. In the other two cases in the hinge technique group, the bone flap was removed secondary to elevated ICP associated with acute hydrocephalus or brain herniation. Therefore, ICP monitoring was useful to monitor for early complications in the hinge technique.
Decompressive craniectomy requires a second operation to restore the cranial contour by reimplantation of the bone flap or through the use of an artificial material to prevent the syndrome of skin flap sinking. 15) In contrast, the hinge technique allows reconstruction of the cranial vault as a minor procedure under local anesthesia, and storage of the bone flap is not necessary. In fact, only 10 minutes were generally required to reconstruct the cranial vault in 16 cases of the hinge technique group.
Infection of the bone flap or the artificial material can sometimes occur. Bone flap infection did not occur in the hinge technique group, but appeared in six patients in the decompressive craniectomy group. There was a statistical difference between the two groups (p ＝ 0.02) ( Table 1) . Six of 19 cases, about 30%, represents an extremely high infection rate. One case was infected by opened frontal sinus 4 months after cranioplasty. In two cases, the wound did not heal and was infected due to obstruction of the external carotid artery or severe strain on wounds caused by bilateral large frontotemporal craniotomies. In the other two cases, patients were malnourished just before the cranioplasty. In the last case, serological testing showed general inflammation just before the cranioplasty. Infection was probably difficult to prevent in some of these six cases, but more care was required in reconstruction of the cranial vault, especially in the last three cases.
The present study shows that the hinge technique should be carefully performed for severe head trauma or stroke, but the hinge technique with ICP monitoring is effective and safe for the management of head trauma or stroke and was not associated with bone flap infection.
